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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the error rate by selecting a 
data stream corresponding to a path providing a minimum path metric on 
the basis of a state transition diagram introduced from an output of an 

impulse response waveform and a depth of a tree so as to obtain a * 
compensation value for equalization. 
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SOLUTION: A metric computing device 2 outputs an equivalent error E, i 1 
a path metric L of a survival path and a survival path P corresponding to ] r 
each state on the basis of a state transition diagram. A comparator 3 mm * 
outputs a path state numbers providing a minimum value to the path 
metric L and an equivalent error &epsi;i corresponding to a most 
probable path. A selector 5 uses the state number S to select one of a 
plurality of data streams D corresponding to the survival path P stored 
in a path memory 4 and to output a tentatively detected data stream d*. 

A feedback filter 6 obtains and outputs a compensation value to equalize f 

a trailing edge of an impulse response of an output of a feedforward 
filter 1 to '0' on the basis of the tentatively detected data stream d*. 
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* NOTICES* 

JPO and NCIPI are not responsible for anydamages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. +4-.** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the information regenerative apparatus which equipped 
data detection with the description especially about the information regenerative apparatus which 
reproduces the digital information recorded on the magnetic disk, the magnetic tape, the optical disk, 
etc. 
[0002] 

[Description of the Prior Art] PRML (Partial Response Maximum Likelihood) which combined the partial 
response method and the maxirnurrHikelihood-detection method as the record data playback approach 
in digital storage regenerative apparatus, such as a magnetic disk drive and an optical disk, — law is 
used. Since it furthermore corresponds to high recording density-ization in recent years, in magnetic 
recording, the method which combined the modulation technique which can extend the distance 
between the minimum signs to EEPR4 method which is the high order PRML method is proposed. 
(Jaekyun Moon and Barrett Brickner, "Maximum TransitionRun Codes for Data Storage Systems", IEEE 
Transactions on Magnetics, vol,32, no.5, and Sept.1996 reference ) . 

[0003] Moreover, apart from the PRML method, the RAM-DFE (Decision Feedback Equalizer) method 
and the FDTS/DF (FixedDelay Tree Search/Decision Feedback) method are also examined as a 
detector using a feedback filter. 

[0004] To the maximum-likelihood-detection method time amount until data are identified becomes 
unfixed, the FDTS/DF method restricts path length, is the approach of cfioosing the smallest pass pass 
metric with the limited path length, and tends to correspond to high recording density-ization which this 
mentioned above. 

[0005] Drawing 11 is the block diagram showing the configuration of the equipment by the FDTS/DF 
method. 

[0006] After a playback wave is set to ai (i is time of day) by passing along the feedforward filter 1101, 
it is inputted into the FDTS detector 1111. being used as yi through an adder. Although FDTS detector 
1111 output di-gamma +1 is used as detection data, it is inputted into the delay element 11071 at 
coincidence. Two or more delay elements are prepared, and 11071, 11072, — , 1107n are connected 
serially, and it is outputted to the feedback filter (FB) 6 as output di-gamma [ of each n delay element 
], di-gamma -1, — , data stream D corresponding to [ to this time i ] each condition at Hgamma to the 
i-gamma+n-1 time in di-gamma-n +1. 

[0007] bi which is feedback filter 1106 output is inputted into the above-mentioned adder, is added with 
feedforward filter 1 101 output ai, and is set to yi. 

[0008] This conventional example is outputted in quest of delay ****** data in the FDTS detector 
1111 at the gamma-* 1 (gamma is the tree depth) time. 

[0009] Each of drawing 12 and drawing 13 is drawing showing the judgment approach of FDTS, and an 
impulse response. 



M /B 



• ' \ ^Bfl2O0O-Z685O2 ^tfHIR.txt 

[0010] An impulse response is a response to record data In magnetic recording, the dipulse which 

are two continuous solitary waves which the polarity reversed as a playback wave is supported. 
Drawing 12 and drawing 13 are the examples of the tree depth gamma= 2. As shown in drawing 12 , in i 
time, it compares in quest of branch metric and pass metric to four pass (tree), and the pass which 
gives smallest pass metric is determined. And it outputs as judgment data which decided the data at 
the rgamma +1 time in the pass. 

[0011] As an input value [ as opposed to the feedback filter 1106 for the detection data stream before 
i-garnma +1 time called for as mentioned above ], wave compensation at the following i+the 1 time is 
performed. 

[0012] Drawing 13 is the example of an impulse response wave. With the feedforward filter 1101, the 
output value in an identification point is set to "1", and the former output value is equalized in 0 
rather than it. Moreover, identification henceforth of is carried out to "0" with the feedback filter 1106 
from gamma bit delay **** from the identification point. Thereby, an identification wave will be 
expressed with the superposition of the output value (1 and a) of left-behind gamma bit (here 2 bits), 
and metric count and data detection are performed according to the judgment approach shown in 
drawing 1 2 . 
[0013] 

[Problem(s) to be Solved by the Invention] the FDTS/DF method — data detection — FDTS — law is 
used. This approach restricts path length, and since it is what asks for pass metric from the limited 
pass, an error rate property may get worse rather than a maximum-likelihood-detection method. 
[0014] Moreover, when it is going to use a maximuirHikelihood-detection method, the feedback loop 
cannot be operated within the time amount (clock) restricted from time amount until data are identified 
being unfixed, and it being less than the delay by which detection data were restricted, and being unable 
to ask. 

[0015] This invention is made in view of the trouble which a Prior art which was mentioned above has, 
the feedback loop can be operated in the amount of delay decided while using the 
maximum-likelihood-detection method, and it aims at realizing the information regenerative apparatus 
using the highly precise feedback filter with which the error rate has been improved. 
[0016] 

[Means for Solving the Problem] The information regenerative apparatus using the feedback filter by 
this invention The feedforward filter which performs identification of the first transition section of the 
impulse response of a playback wave, sets the output value in an identification point to "1", and sets 
the output value before it to "0", The feedback filter with which the trailing-edge section after tree 
depth gamma bit delay ****** \s compensated from said identification point, From the identification 
wave which said feedforward filter output and the feedback filter output piled up The identification error 
[ as opposed to each identification reference level value based on the state transition diagram led from 
the wave output of tree depth gamma and an impulse response ] E The metric calculator which 
chooses the pass with which it asks for branch metric to each branch, and pass metric, pass metric to 
each condition is compared, and pass metric serves as min as survival pass to the condition, Input the 
survival pass chosen by said metric calculator, and this time i is received. The pass memory to which n 
data of i-gamma to hgamma+n~1 time output the value of the last stage as data stream D 
corresponding to each condition, and detection data, The comparator which asks for the pass with 
which pass metric serves as the minimum value out of the survival pass to each condition searched for 
by said metric calculator, The selector which inputs data stream D which said pass memory outputs, 
chooses the data stream corresponding to the pass which gives minimum pass metric called for in said 
comparator, and is outputted to said feedback filter, It provides and said feedback filter is characterized 
by calculating the amount of compensation for identification based on the data stream chosen in said 
selector. 

[0017] In this case, it is good also as having the delay element which is made into what has pass 
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memory length shorter than the number of input data of a feedback filter, holds the detection data 
which said pass memory outputs, and is outputted to a feedback filter. 

[0018] Also in which [ above ] case, a selector is good also as performing adaptive equalization of a 
feedforward filter and a feedback filter using the identification error which chose the identification error 
corresponding to the pass used as minimum pass metric, and was this chosen out of the identification 
error corresponding to each survival pass. 

[0019] Moreover, said feedback filter and a metric calculator set tree depth gamma to 2, and a metric 
calculator is good also as making the state transition diagram of two conditions correspond to the 
playback wave which said feedforward filter output and the feedback filter output piled up, and 
performing maximum likelihood detection. 

[0020] Moreover, said feedback filter and a metric calculator set tree depth gamma to 3, and a metric 
calculator is good also as making the state transition diagram of four conditions correspond to the 
playback wave which, said feedforward filter output and the feedback filter output piled up, and 
performing maximum likelihood detection. 

[0021] Furthermore, said feedback filter and a metric calculator set tree depth gamma to 4, and a 
metric calculator is good also as making the state transition diagram of eight conditions correspond to 
the playback wave which said feedforward filter output and the feedback filter output piled up, and 
performing maximum likelihood detection. 

[0022] The information playback approach using the feedback filter of this invention Perform 
identification of the first transition section of the impulse response of a playback wave, and the output 
value in an identification point is set to The 1st step which compensates the trailing-edge section 
after tree depth gamma bit delay ****** from an identification point and is made Into an identification 
wave while setting the output value before it to "0", The identification error [ as opposed to each 
identification reference level value based on the state transition diagram led by the wave output of tree 
depth gamma and an impulse response from said identification wave ] E The 2nd step which chooses 
the piass with which it asks for branch metric to each branch, and pass metric, pass metric to each 
condition is compared, and pass metric serves as min as survival pass to the condition, This time i is 
received based on the survival pass chosen at said 2nd step. The 3rd step which generates n data 
stream D corresponding to each condition of i-gamma to r-gamma+n-1 time by which the data of the 
last stage are used as detection data,. The 4th step which asks for the pass with which pass metric 
serves as the minimum value out of the survival pass to each condition searched for at said 2nd step, 
The 5th step which chooses the data stream corresponding to the pass which gives minimum pass 
metric called for at said 4th step based on n data stream D generated at said 3rd step, It is 
characterized by having the 6th step which calculates the amount of compensation for the 
identification performed at said 1st step based on the data stream chosen in said selector. 
[0023] Although pass metric count is closed even by tree depth gamma and minimum pass metric is 
called for in a "operation" FDTS. detector, maximum likelihood detection is performed like a PRML 
method in this invention. 

[0024] In this invention, based on the state transition diagram obtained from a gamma value and an 
impulse response in a metric calculator, branch metric and pass metric are calculated first, and the 
survival pass to each condition is determined. However, like a general PRML method, an integral value 
does not become, but criterion level is a real number value, and can be given to arbitration. Pass 
memory is the same configuration as a general PRML method, and can perform maximum likelihood 
detection. 

[0025] In order to perform waveform equalization, a feedforward filter and a feedback filter are used. 
Like the FDTS/DF method, with a feedforward filter, identification of the first transition section of an . 
impulse response is performed, and the output value before it is set to "0" for the output value in an 
identification point as "1." On the other hand, the feedback filter is compensating the trailing-edge 
section after gamma bit delay ****** from the identification point. 
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[0026] The above waveform-equalization actuation is the same as the FDTS/DF method. The detection 
value corresponding to the probable pass at present is used for the input value over the feedback filter 
in this invention as a temporary detection data stream not from a FDTS detection result but from two 
or more detection data streams recorded on pass memory. This temporary detection data stream is a 
detection data stream corresponding to that pass, when it asks for the pass which compares pass 
metric of the survival pass corresponding to each condition, and gives minimum pass metric. 
[0027] If the above-mentioned actuation is summarized, the state transition diagram which is to the 
base of maximum likelihood detection will be determined in a metric calculator from a gamma value and 
an impulse response wave, and will be recorded on pass memory. A comparator calculates the pass 
metric minimum value corresponding to two or more survival pass recorded on pass memory. A selector 
chooses the probable data stream (data stream corresponding to the pass of pass metric min) at 
present from data stream D of pass memory as temporary detection data by the pass metric minimum 
value calculated by the comparator. Selected temporary detection data are inputted into a feedback 
filter. Compensation of the first transition section to an impulse response and the trailing-edge section 
is performed using this feedback filter and a feedforward filter. 

[0028] As mentioned above, in this invention, since it replaced with the FDTS detecting method used 
by the FDTS/DF method and the maximum-likelihood-detection method (the Viterbi detecting method) 
was used, the error rate has been improved. Moreover, by using the probable data stream at present as 
temporary detection data from the data stream recorded on pass memory, feedback actuation can be 
performed in the decided amount of delay,- and it has become a highly precise detector. 
[0029] 

[Embodiment of the Invention] Next, the example of this invention is explained with reference to a* 
drawing. 

[0030] Drawing 1 is the block diagram showing the important section configuration of the information 
regenerative apparatus using the feedback filter by this invention, and shows the configuration of the 
part which generates detection data from the playback wave acquired from the reproducing head which 
is a detector. 

[0031] In the data detecting element which is a FDTS/DF method, this example is replaced with a 
FDTS detector and consists of the metric calculator (ACS) 2 used by a PRML method etc., the 
feedforward filter (FF) 1 prepared using the pass memory 4 and a comparator 3, a selector, and a 
feedback filter 6. 

[0032] the wave from which identification of the first transition section is carried out to "0" from the 
identification point of an impulse response wave with the feedforward filter (FF) 1, and the playback 
wave acquired from the reproducing head (unHIIustrating) starts to "1" in an identification point — it is 
outputted as ai (i is time of day). It is outputted to the metric calculator (ACS circuit) 2, the output ai 
of this feedforward filter 1 being added with the output bi of the feedback filter (FB) 6, and being used 
as yi. By adding the output ai of the feedforward filter 1 with the output bi of the feedback filter 6, the 
trailing-edge section from the number of bits (tree depth gamma) which started and was defined from 
the location serves as a wave by which identification was carried out "0." The definition of tree depth 
gamma is the same as that of the definition in a FDTS/DF method, and the number of bits to the 
location which is the feedback filter 6 arid is equalized from an identification point is shown. 
[0033] By the metric calculator 2, it asks for the identification error E over each identification 
reference level value, branch metric to each branch, and pass metric from Input yi (identification wave) 
based on the state transition diagram led from the wave output of tree depth gamma and an impulse 
response, And pass metric to each condition is compared and the pass with which pass metric serves 
as min is chosen as survival pass to the condition. 

[0034] The metric calculator 2 performs the above actuation, outputs pass metric L of the identification 
error E corresponding to each condition, and survival pass to a comparator 3, and outputs the survival 
pass P (selection result) to the pass memory 4. 
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[0035] In a comparator 3, the minimum value of the survival pass to each condition pass metric [ L ] is 
calculated, and identification error epsiloni corresponding to the probable pass is chosen from the state 
number S and identification error E. and it outputs to the feedback filter 6 at the same time it outputs 
the state number S corresponding to the pass which gives the minimum value to a selector 5. 
[0036] In a selector 5, one is chosen from multiple-date-stream D corresponding to [ survive and ] 
pass recorded on pass memory using the selected state number S, and temporary detection data 
stream d* is outputted. Temporary judging data stream d* is garnma bit delay ****** earlier data train 
from this time i, and outputs the trailing-edge section (from a standup to gamma bit delay ****** .(or 
before)) of the impulse response of FF output to "0" in quest of the compensation value for 
considering as identification based on this d* in FB. On the other hand, the last stage output of pass 
memory is used as final detection data d, without using temporary detection data. 
[0037] Next, actuation of this example is explained. 

[0038] First, the principle of operation of the. feedforward filter 1 in drawing 1 and the feedback filter 6 
is explained. The impulse response wave corresponding to some gamma values is shown in drawing 2 . 
"1" of record data is made to correspond to the dipulse (continuous wave form of two solitary waves 
where polarities differ) in a playback wave here, supposing a magnetic recording medium. That is, it 
changes to record data (1 _ D), and the solitary wave is made to correspond to the point that translation 
data is set to gamma is similarly defined as the tree depth in FDTS/DF, and from an 

identification point, gamma bit is the feedback filter 6 and it is used for maximum likelihood detection, 
without carrying out identification. 

[0039] Drawing 2 (a) is [ gamma^ 3 and drawing 2 (c) of garnma^ 2 and drawing 2 (b) ] the examples of 
an identification wave (impulse response) of gamma= 4. 

[0040] In each impulse response wave, the feedforward filter (FF) 1 performs identification to the first 
transition section from the time (identification point) of going up from 0 to +1 first and all are equalized 
in 0. 

[0041] The wave output values a, b, and c after the identification point shown in drawing .2 are any 
value, and it is also possible that identification of it is carried out with the feedforward filter 1 since the 
value of these a, b, and c to determine in consideration of a property, an error rate, etc. of a playback 
wave is determined by the feedforward filter 1, if a playback wave does not change. 
[0042] On the other hand, the feedback filter. (FB) 6 performs identification to the trailing-^edge section 
after gamma time from an identification point, and all are equalized in "0." As long as there is no 
judgment error, the feedback filter 6 is not influenced of a noise, in order to compensate based on the 
judgment result in an identification point. The impulse response wave by which identification was carried 
out is acquired for all the bits excluding a part for gamma bit from the identification point by the above 
"0." 

[0043] The identification wave y acquired as mentioned above is inputted into the metric calculator 
(ACS circuit) 2 of the maximum ** (Viterbi) detector shown in drawing 1 . 

[0044] The state transition diagram which serves as a base for performing metric count of maximum 
likelihood detection in this example at drawing 3 is shown. Drawing 3 (a) is [ gamma= 3 and drawing 3 (c) 
of gamma= 2 and drawing 3 (b) ] the examples of gamma 11 4. These state transition diagrams are 
constituted based on the impulse response wave shown in drawing 2 , and the value shown in each 
branch expresses detection data and an identification reference value. Based on such a state transition 
diagram, from a difference (identification error E) with an identification reference value, it asks for 
branch metric and pass metric, and the survival pass to each condition is determined. Although it 
survives to pass memory and Pass P is only outputted in the conventional ACS circuit, pass metric L 
to each survival pass and the identification error E are outputted to coincidence by the metric 
calculator (ACS circuit) 2 in this example. 

[0045] Outputted pass metric L and the identification error E are inputted into the comparator 3 shown 
in drawing 1 . In the comparator 3, a comparison pass metric [ corresponding to each condition / L ] is 
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performed, and it is asking for the state number S corresponding to the pass which gives the minimum 
pass metric value. Moreover, with this state number S, the value which corresponds from the 
identification error E is chosen, and it is outputting as identification error epsiloni. feedforward — a 
filter — (— FF — ) — one — and — feedback — a filter ~ (~ FB — ) — six — immobilization — a 
parameter — a filter ~ it is — a case — identification — an error — epsilon — i — being 
unnecessary — although — adaptive equalization — carrying out — a case — this identification error 
epsiloni — using — the parameter of the feedforward filter (FF) 1 and the feedback filter (FB) 6 — 
receiving — adaptive equalization — carrying out — serially — it can change . As it is made in 
agreement with the value which the adaptive equalization of the feedforward filter (FF) 1 set the first 
transition section of an impulse response to "0", and showed the wave output value of gamma bit by 
drawing 2 from the identification point, it is changing a parameter, and the adaptive equalization of the 
feedback filter (FB) 6 is changing a parameter so that the trailing-edge section of an impulse response 
may be set to "0." 

[0046] The configuration of the pass memory 4 is fundamentally [ as the pass memory in the 
conventional PRML method ] the same. Changed parts are that the value in the first rank is changed 
based on a state transition diagram, and that n of rgamma to i-gamma+n-1 time are outputted as an 
input candidate to the feedback filter (FB) 6 to this time i as data stream D corresponding to each 
condition in the contents of the pass memory 4. the first rank of the pass memory 4 — by modification 
of a value, since the selector of the first. rank becomes meaningless, the delay element and selector of 
the first rank can also be deleted. 

[0047] in a selector 5, probable temporary judging data stream d* is chosen at present from such data 
stream D by the state number S. The feedback filter (FB) 6 outputs the compensation value for 
waveform equalization (compensation "of the trailing-edge section) based on this data stream d*. On the 
other hand, the detection data d as a detector of this example are outputted not from 
above-mentioned temporary detection data d* but from the last stage of pass memory. Therefore, 
sufficiently long pass memory is taken, and if pass is completed, a maximuro-Iikelihood^deterrnination 
result will be obtained. 

[0048] In this example, a gamma value can set up two or more values. Moreover, it sets up beforehand 
and the wave output value after the identification point of an impulse response can also be maintained 
by performing adaptive equalization to the feedforward filter (FF) 1. What is necessary is just to create 
the state transition diagram for maximum likelihood detectior^with these values. 
[0049] Next, the case of the tree depth gamma= 3 is explained more concretely as an example about 
actuation of the example mentioned above. 

[0050] Drawing 4 is drawing showing the identification process of a playback wave corresponding to 
record data "1" (identification process of an impulse response), and explains an identification process 
in detail using drawing 4 . 

[0051] A continuous-line wave is the impulse response of the feedforward filter (FF) 1. With the 
feedforward filter (FF) 1. the time (identification point) of an output value starting is set to "1", and the 
first transition section is equalized in 0 from there. At this time, identification about the trailing-edge 
section is not performed rather than an identification point. Since the feedback filter (FB) 6 in this 
example is outputting the compensation value by the delay of gamma bit, it can be compensated from 
an identification point to gamma bit delay It is an identification wave after compensation with 

the feedback filter (FB} 6 that each arrow head at the time shows the amount of compensation, and is 
shown by the dotted line. The value of a and b is determined by arbitrary playback wave-like properties 
etc. Moreover, the gestalt of the feedforward filter (FF) 1 and the feedback filter (FB) 6 is also 
arbitrary. 

[0052] Since the feedforward filter (FF) J just equalizes a playback wave like the continuous line of 
drawing 4 , an analog filter, its transversal filter, etc. are usable. Since the feedback filter (FB) 6 just 
outputs the compensation value for identification from a detection data stream, it can use a transversal 
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filter and a RAM table. 

j [0053] Metric count is [that what is necessary is just to carry out based on the state transition 

> diagram shown in drawing 3 (b) ] fundamentally [ as the conventional ACS circuit ] the same, A 

! difference is the point of outputting pass metric value LO-3 corresponding to four survival pass, and 

j identification difference E0-3 in addition to survival pass PO-3 corresponding to each condition. 

[0054] The configuration of the state number S which asks for smallest pass metric and corresponds to 
i drawing 5 from these pass metric LO-3, and the comparator 3 which searches for the identification 

j error epsilon for adaptive equalization-is shown. The comparator 3 consists of a comparator 10 and a 

i selector (S) 9. A comparator 10 outputs the state number S which compares four pass metric LO-3 and 

gives the minimum value. The selector (S) 9 is outputting Es as identification error epsiloni from four 
input values (identification error E0-3) based on a state number S. 
i [0055] The configuration of the pass memory 4 and a selector 5 is shown in drawing 6 . The 

configuration of pass memory is fundamentally [ as the conventional PRML method ] the same. 
However, if a state transition diagram 3 (b) is followed, since the selector of the first rank will serve as 
selection from the same value, the delay element and selector of the first rank are omitted. Moreover, 
corresponding to the several n input data bit of the feedback filter (FB) 6, n steps of data stream D is 
outputted outside. The data D from each stage (at each time) are four corresponding to a condition, 
| and are judgment data corresponding to the survival pass of each condition. 

[0056] In the selector 5, the data in each time are chosen with a state number S, and probable 
temporary judging data stream d* is outputted at present Final detection data are outputted from the 
back end of the pass memory 4. At this time, when pass memory length is longer than the number of 
input data of the feedback filter (FB) 6, the configuration shown in drawing 6 may be used, but when • 
short, it is [ that what is necessary is to hold detection data using the delay element and just to input 
into the feedback filter (FB) 6 ] good also as such a configuration. 

[0057] Drawing 7 is drawing for explaining the process in which a temporary judging data stream is 
determined, and drawing 7 (a) is the example of a trellis diagram. The continuous line shows the survival 
pass in i time. When such survival pass is called for, data as shown in drawing 7 (b) are recorded on. 
pass memory. If survival pass merges, all the judgment data in the time are in agreement. Here, it has 
merged at the h-3 time and the detection data before it are decided. When L1 becomes the minimum 
value among pass metric LO-3 of the survival pass in this time, the data stream corresponding to the 
condition S1 of having surrounded by the dottedHine frame is chosen, and it is used as an input to the 
feedback filter (FB) 6. 

[0058] By the above, feedback can be hung by the delay of gamma clock like a FDTS/DF method. 
Drawing 8 shows the identification reference value and branch metric for performing metric count. 
Based on these formulas, branch metric and, pass metric count is performed, and maximum likelihood 
detection is performed. The constant derived from the identification reference values R and R can 
reduce the amount of operations by. calculating beforehand. 

[0059] Next, the 2nd example of this invention is explained with reference to drawing 9 and drawing 10 . 
[0060] These make the 1st comparator 3 in an example, pass memory 4, and selector 5 the comparator 
903, the pass memory 904. and the selector 905 from which a configuration differs, drawing 9 is drawing 
showing the configuration of the comparator903 in the 2nd example of this invention, and drawing 10 of 
this example is drawing showing the configuration of the pass memory 904 in the 2nd example of this 
invention, and a selector 905. Since the configuration of those other than these is the same as that of 
the 1st example, only these configurations are explained. 

[0061] The number of clocks required of the operation gestalt shown in drawing 5 and drawing 6 since a 
signal is transmitted in the feedback loop is only 1 clock. This one clock needs to perform count of an 
identification wave, branch metric and pass metric count, selection of survival pass, minimum pass 
metric detection, and selection of temporary detection data, it is necessary to calculate the amount of 
compensation with the feedback filter 6 (FB) further, and a circuit-burden is very large. Then, in the 



w 7/8 



' $5532000-268502 

2nd example, it makes it possible to increase the number of clocks required since a signal is transmitted 
in the feedback loop. 

[0062] The configuration and actuation of this example are concretely explained with reference to 
drawing 9 and drawing 10 . the comparator 903 of this example — setting — a delay element (D) — 
9071 and 9072 are prepared and the delay element (D) 9073 is formed in the pass memory 904. by each 
of these delay elements (D), 1 bit is delayed, respectively in pass metric L which is the output of the 
ACS circuit 2, the identification error E, and the selection branch (survival pass) P, instead, 1 bit of 
data stream D which is an output from the pass memory 904 is shifted, and it is outputted (1:00 point 
— bringing forward). By the above, it can have the allowances of one clock in time, and the feedback 
loop can be calculated. However, by this approach, since the output from a number-of-stages eye with 
pass memory low 1 bit is used for temporary.judging data d*, precision has fallen. 
[0063] What is necessary is to shift the. output location of the data D shown in drawing 10 in the 
number-of-stages direction where pass memory is low, instead just to insert a delay element in 
somewhere, in order to acquire k bits (clock) time allowances. It is made for the timing of each 
operation not to shift then. The feedback loop will operate with a 1+k clock by this. Moreover, since the 
identification error for performing adaptive equalization may also shift from i time, adaptive equalization 
is also performed according to it. Generally by this approach, the feedback loop can be operated by the 
delay of gamma^l bit of maptes. 
[0064] 

[Effect of the Invention] Since this invention is constituted as explained above, the effectiveness 
indicated below is done so. 

[0065] In the FDTS/DF method, it is effective in the ability to make an error rate improve by replacing 
with FDTS detection and using the maximunrHikelihood-detection method (the Viterbi detecting 
method) used by the PRML method. 



[Translation done.] 



% 8/8 



<19)0*BMMW (JP) 02) & $\ 4# HF & $j* (A) (ll)*ttffiR£l!l#* 

#^2000-268502 
(P2000 - 268502A) 
(43)&I8B ¥JS12^9 8298(2000. 9.29) 

(51)Int.a.' WIR^ FI f-n-r(##) 

G11B 20/10 3 2 1 G11B 20/10 3 2 1A 5D044 



# aff*«©*6 OL (£12 H) 



(21)W«#^ 


ftK¥l 1-75705 


(71)tH©A 000004237 








(22)tBIBB 


¥j£l 1^3 £198(1999.3. 19) 








(72)^«# m &m 


















(74)ftSA 100088328 






#1!± &ffl *§£ (ft2£) 






F*-A(£#) 5D044 BC01 BC02 CC01 CC04 PG01 



(54) ismo&m y4-vrtyt?yj)v?*mwz.mm£.mm 



(57) [fift] 

[SUa] F D T S/DFSTIi, -f-^&ajKFDT 

[)«**»] FDTS*H»©ftfeO<c. S^^HJS 
7 FA, jut-^ettftdiis 

£. CCDFBiFF (7^ - F7*7-F7 % 




(3) 

3 

[0 0 0 5 ] m 1 1 «F DTS/DF£&tcfc£igS©$ 

(0 00 6 ) B»iB7 .f- F7 * 7- F7 a ;U7 1 
1 0 1 £iISC £CC J: 0 a i ( i tt^ij) i gn/c^CC 
MfH^/l-LTy i £§ft-CFDTS$Hl2§l 1 1 1 (C 
A7J3ft£. FDTS&tHUl 1 1 lHttd,.r.,tt 
Mir-7£3ft£#, p)B#(ciig^l 1 0 7,KA 

7j3ftTt,>&. itg^i^isite.n-cfco. 1 1 o 

7,, 1 1 07,.-, 1 1 07 n ^iy')7MC^m^ 10 
ft, nfa^S^-eft-eftCtfcdd,. ~r . d,. -r- 
-. d,. -y 9U&£ i icttLX, \-rip 

h i - r + n - 1 B#*©S««l(c^jt.1-^7 r -^?'JD £ 
OT, 7-*-F***7.f A* (FB) 6^Htf3SftT 

[0 00 7] 7-f- F*A?77.f ;l/7 1 10 6tttfn?& 
■5 b i tt±IB<0ftWa«:A*3 ft. 7 -< - F 7 * 7- F 
1 10 lHtfja i £Jn*3ftTy i ££ft&. 
[0 00 8] *fi£*Wtt. F DT SifctBS 1 1 1 1 Kfc 

utt-i ( t «7 y -a? s ) ftgmtitc&BiT- 20 
c 0 0 0 9 3 m 1 2 j^a 1 3 ©-eft-etna, f d t 
[0010] »w*i8Stt, - 7 " 1 " tt*t 

®r t/fc»*w s 2 o©Bn$$r&& tv a^k:^ 

HI 2*»J:U ! B!13tt!y';-ai3T=2©W 
01 2&tsrf J:^ i^tcteot. 4-?© 
ax (•>»;-) imt^v^** f y vftrfzjt h 
y 3- 7 £#©"r ibis u , S fe/h § & a* jt f y v 7 30 

x.6A7£j££T6„ -tUT. ^©AX(C*jW4 i - T 

[0 0 1 1 ] ±B©«fc5K:t/C3frli>&ftfc i - T+ 1 ■* 
6tC*rr*A*ffli Lt. #© i + 1 B#*©j^ffl«€: 

[ 0 0 1 2 ] H 1 3 1£. 4 >AjU*j£g88B©0fc& 
6. 7 4 - F*7 * 7 - ¥7 a )17 1 1 0 IK J; 0 . $9J 
*T©ffl*ffi* "1" iU *ftj:9fcttffl©tttfjffi* 40 

"0" (c^fcLTi»4. *fcttffll£*>&r VyhMtitc 
jS* 6JWKtt. 7 -< - F A ? 7 7 .< ;U 7 1 1 0 6 tc«fc *) 

"0" tcawtsftti**. cftK<fc0^ffkigJBtt. 

ft/crt*? F (CCTB2 tt» F) ©ttttfiS (1 £a) 

©Mfc£to-erf*sft6t £{t&D. si2tc^$n-s 

h 'J 9 7ff#£r-7&aj#m>ft 

[0013] 

[|6E#«ifcLJ:5£-fSSH] FDTS/DFffiT « 



2000-268502 

4 

tt. '<Xg*«IWSt><D"C*»). PR6ftfcAX(C*tt 
TA77 F 'J 9 ?£3R©5 4>©-C&£ft:©, *#ftHJft 

[0014] i/c, ««KWlffi*ffli>J:5ir*»^«: 

r- 7 £ PS 6ft /cifMWrtT?*© 4 C £ * t» C £ 
*»6IRe>ftfcl$IHI ( 7 a y 9) foX7 a - F A? 

[0015] *^«_ha?( y /c«t ^ttst*©sjB*swr 
m^htt k&&&htitcmmg.x-7 a - fa? 
Bfsstt y a - fa ^ 7 y ;u a? zmwcmm&ms. 

[0 0 1 6 ] 

[»a«:)»ft-r*A:»©#a] *§mia:z>7 < - fa 
"i" £u -eftWM©^®^ "o" ttz>7A-v 

7 * 7- F 7 a )l>7 £ . ffiEWMMi*>6? U -SIS r ^ 

» vmtitc^im<o^mm>w»4:n^7 fa? 

77-<;u^£. iriB7 ^- F7* 7- F7 ^ 

ctC : 7 — F* a y 77 -t toZWlt&Wn&tttiKk.m 

Wffl&to fy-SSrt-f > AjU7iE§©^ai73 

U s 7. fcJ:^. ^'7.* F 'J 9 i'^©. &#3£^©A 
X^f F U 9 ZZtmb. A7^ F y 9 7*i&'h£&-2>A 
^**©«»K©4#»0 Axi LTjMR-TSy F y 9 

7mm t, mms f y 9 7^n^cxK>mmtifc^. 

-T + n - 1 «F**r©nffl©-? t -3'3&*Stt»K:»tSL 
fcx-^^DfeJc^Wf 1 -^ £ LT«**S©ffi=&ffi73 
£. Mia^ F y 9 7tFgg§K:-oR©'=>ft 
^Re§^©^*^0A7©cti^6A7y F y 9 vifim. 

>bmtuh^7^^i>mmt, mu>*7s**: y*stb 
^•rsr-^^jD^A^b. wreiasstccsnfe^nfe 
S'jvsx^ f y >j7*^h*7imtthT~>?m*; 

SVi mll27 -f — F a -y 7 ^ jlZ^mfiTZ-bls? 
7t, ^AfflL, mifB7^"FA?77^;U^«. gfTfB 

■fe b 7 7 ccTji!K$ ftfcr- $5>jtcS-^^r^t©fc© 

©«lflUI*«»-5C4*#«4-r*. 
[001 7 ] £©*§-£. A77 * yg#7 Y - FA ? ? 

7^jU7©A737 r -7U«j:04)^at/^©£$ft. nuieA 
77*y^tt5^-r-5^ttir-^*^fr7 ^- fa? 

77 A^tt^BititzMmm+Z'ntzc 1 1 bx^x 

[0 0 1 8 ] Jhie©l>-rft©*§-£«::fcl>-Ck. -feb7 7 

«. §*fe#g|'9A7«:^Jc:r*^'fb^M©f A>6. m.'b 
^ * ^ .1 ^7 ^^^A^^^^-r^P^te^^p 



[ 0 0 3 1 ] sttEttMti. FDTS/DF^S&D-f-* 
ttU8PCC*rt»T. FDTStttHSKfWT. PRML7j 

sc&4"rfflt»e>niy m;?*ihhi (acs) 
x y * y 4 fcjBi >fc (> or* o . c ©ffetcKw e> n/c 7 

*- F7*7-F7-f ** (FF) 1 , Jfctg63. * U 
7 7 7 * — FA 7 77 -f >l>* 6A»e>1f Ji£<*tt&. 

[0032] ? k (^a^) en/cwa® io 

Jgti. 7 *-F7* 7- F7**7 (FF) l«C<fc-> 

t, j y>w*fowmmm&£Vmmnv "o M cc 

^b^nri^ii^r " ] " *Cfi%±*S4«J^a i ( i « 
K&IJ) 4t,Ttttt>3*l*. C©7-f-F7*-7-F7.f 
*7 l©tB^a i tt. 7*-FA777* *£ (FB) 
6©tfc?Jb i £Jn»$*i v y i 4£ftTy F V 7 7ff-g 
S(ACS@gg) 2CCtB^§n?.„ 7-*-F7*7-F 
7***1 ©liS#a i «7 * - FA-, 77 * *£ 6©tB 

f*W:fv F£fc (7 y-SIS t) «>6©f8»»»* 20 

"o" tcmtztiititmtttz. w-mzromm 

tt. FDTS/DF^StCfeWSSaHiPIS-rftO. IH 
JJI&*>6 7 * - F^ 7 77**76 -C^ftT T 

{0 03 3] ^ F V v ^fWS2 "Ctt. 7 U -SIS r 4 

F 'J ? 7 . 4o<fct>\ A*y F 'J 7 7£sR©£„ <:LX& 
ttl^/U^ F ? 7£lb$xU AX> F "J 7 7#S 30 

[0034] J h l ) v 7tt@g2 ttK±©»f¥*m». 

[0 03 5] ifc«g3t?tt. StfaS^©£#S!9 AX© 
ax^f 7L©S/NB?:3<©. */Jvfl[%^it4A^ 
KjtfJfrT fcttfiHHI S u 7 7 5 ^W^T 5 4 |5]B# 
ft. *©tt«*'*S£«{t«S£Ea»6. *fc«*>6tA» 40 
J^tctifc-rsmWMe itmiRL-C 7 * - FA 7 7 
7***6^tH#TS. 

[0 0 3 6] -feU7 7 5r«. MtRZtitcWm^ S* 

ffl»©f r -*WD*6 lo^JROT^tBf'-^'Jd 

7 F iinfc^felW©^- 7?iJ-C* 9 . F B r». C © 
d'SfcilC. F F ffi77© J > A;^i£S©gasaJ <fi 

9 2» 6 r tf » F Mtitc^Mm) £ " 0 " K^b t . 

4T4fc»©ffiiRfi***ffi*-r*„ m&mtm so 



t 



#532 00 0- 2 68 5 0 2 
8 

fcBr-dzd iL/T«. ^HJf'-^^ffl^riCAxy-t 

y©«»sa**ffli>s. 

[0037] xitxmmwotbttici^xiftmz. 

[003 8 ] £?, aiK*jW47^-F*7*9-F7 

***i. *3<to\ 7*- fa 7 77***6 omtm 

m% fffl * i . II 2 ft I J < 0*i © r ffifCStet i> 4 > A 

**j£g$JB£*f . C c ■C»8B««EI3«[*4«J£ 0 . 
IESt 1 -*© "1" £B£WU5W&7^A;l,x (fi 
!4©S?tS2o©Bta«©aER«JB) tC^$#T^ 
5. o£91B&r--7K:*tl/-t (1-D) mkZfiti 
t». "± 1" <btt-5iSKHDB[«%»J6$-a' 

CCSe«Sti. HMI^»>6t t» F^7 * - FA? 77 * 

** svmtzn-ricmx&iiiicmmztiz. 

[OO39]02 (a) «r=2. 02 (b)«r = 
3, 02 (c) »T = 4©3SKb&7& (^>A;bxtSg) 

[0040] ^n^n©'(>A;uxfc:^^{cfc^t:, 
JMJIC 0 ip h + 1 (c±*s^ B&£ ( iSgiJ*) 6 mf^SPic 
*WS^k*7^-F7* 7- F7**7 (FF) IT 

*t&k -r^T "o" (c^bfri»5. 
[0041] m2ic^titcmm^Mm<oimmtim 

a, b> cttffiK©ffir*9. Wffi«a5©»tt^x^- 

u-FJaci'**ai/Tjteemtfa:t». cn^a, b> 
c ©tttt. m£.mw%.it im-itux, ? * - f 7 * 7 

-F7**7 1K<fc-?-r?&££ft£©-C\ 7*-F7* 
7-F7 HC«fcor«Wfc$*iri»S4*il.-5C4 

[0042] -77. ^iJ**6'Tl^*lJtf*©ft«a«C» 
•T€.^b«. 7*-FA»,77*** (FB) 6(Cj;o 

"Cff «ct»r t-^t " 0 *- cc^fb-r -5. 7 * - FA 9 7 7 

* * 7 6 «. ttsi]*"c©*U5eiii** i> t \mm.w* *> 

i^i-^r. BU8l^6Ttf» F»*^>fc1"^T©t 

•y f*5 "o" tc^bsnfc-f>A*x^?s^ffe>n 

[0043] ±ie©<t 5 k u-cif htitcmmByiz. 
m 1 ^u/c^7t ( t-) ^ttis©^ f 7 *wis 
(Acsiasg) 2(cA*$n^o 

[0 0 4 4 ] 03K, ^HMJtCfcttS. a^m©^ 

f y 7 7 tf#%mj: 7 /c©©»* 4 tt&ittKmg&i% 

^T. 03 (a) tt. T = 2> 0 3 (b) «. r=3. 0 
3 (c) tt. t = 4©«-C*S. cn6©«®a«H 
tt, 02 K-mUc-i >A;l/Xfc^05r7t;(Clt^§nr 
fe9. §^7>?(cS^/cffi«, ^ffir-7 4^{b» 

»a«iuri»*. c©«t9ttttffl»«a{ca^-c. 

I?{bsm<i4©^ (^jbM^E) *^^7>^ F y 7 
7, fcj:tf, AX^ F y v 7**©, SttS8«c»-rS4 

#gi9Ax*sy£-rs. ^*©ACSiis§T-tt. A*y 

tC)Wt,T*^^9AXP=&tB*Ur^^/cWT-*S 



11 

-*tj. /<*y*y 4©ft4a*6ffi*3ti-c(,»*. c© 

£#AC*>*y*&*. 7-f-M?^7^^ (FB) 

JSUTfe*. 7 -f- Fa'., t>V Ob* (FB) 6'CA# 

[0 0 5 7 )07 «{&ffiir- #?iJ£&Sir Silg&Ift 
9Jr4fc»©Erc*!J. 07 (a)«. hU'J^SiaO 

x.**ytctt. 07 (b) ton* 2>!>'f Bit $ 

hTi»s. *©»$.£•?© 

•Cv-yUTfc'?, *ftjyf}©fctti?*-*ttra£l/t<,» 
•5. Jl^A-C©**^')^^©^^^ F 'J ? 7L<,. 3 © 
-5*>, *>hfl£&ofc©#ur* gMft-C 
B/Uc, ft»S lfc^TSr-^JtfilftSft. 7* 
-F^sf^^A* (FB) 6^©A^ibTffl^6n 

[0 05 8] «±K«fc»K FDTS/DF^ifsHik 
ri'n ^ Oinr 7 -f - F t» 9 Z C £ * 

^t^^h'J^, teitf. F 'J ;»7© 

[0 05 9] #*W©»2«Dl!i6WtC-X»TB9 

fc«twg i o^jso-csMH-rs. 
[0060] JiEiuswtt, is i c^mnatcfcwsjtiss 

£&*ikt&S9 0 3. >'^^*';9 0 4*J«i;iJ t -feU7^ 
9 0 5£Lfcfc©r*9. 199(3. *»H©J|i2©3«6 

wcfctmtt&gQ o 3©«fS£5vna-c*»>» 0i o 

fcC£&W©SI2 ©IQSWKfcWSAxy 9 0 4 i-fe 
X<Dfrl&W?2>. 

[0061] 05fc<fctf0 6 icTjkbtcm&mmx-ix ■? 

fr-Tfrl 7ay7r*S. t©l7n?7T\ 

^{b$^©ffH, F >j yi?b/*7>jt Y'J 

(Dim, 4*H0^CWHR. &/Jv^,< F »J?7©& 
7 * 6 ( F B ) VffifiUM>3t»£?f -5 9 , 

O > 7&£if t^ajmt l/Tt»S. 



(7) #132 000- 2 6 8 50 2 

12 

[0 06 2] SSmflOMSfcieflttracoivC. 09 
fccfcO'01 0*#JHt/C. JlftWtcSiWr*. *HSfe0(l 
©tt«S9 0 3iC4s(,>-ctt. agJR-?- (D) 9 0 7,. 
9 0 7,*BW6n. Axy*V90 4iC(JIiI^ 
(D) 9 0 7 3 #sS:We>ftTl,>S. Cft&O&iHiSRiP 
(OtCfcO. AC 2 ©&#?£>& a - 7;< F U ? 
7U «{tK&E. SVi?^? (4#^0a-x) P£ 

io n&m>x) Bttbx^z. icJUcK.**). mrmici # 

a v 7©£®£ i> -o X 7 a - F a* », ^ jb- 7"©iHg:5rtf 
d-tt. U«D1 t*7 Fffit,«S*^©tB^ 

fflu-ci^©T3f»s*i^^n^. 

[0 06 3] kt5 h (fD?» ©B^raW^tS'SrtfS 
/ci&Ktt. 01 0CC^Urc-r-^D©tU*fig?rA-^^ 

3S«-7-4#A-rn«ca». -e©£t*4veft©?fiji©* 

5 >y**rti4C> J: StcTS. cntcj: <9 7 ^ - F^ 
20 ^7;l/-7'tt v 1 + ki'Pv'i'-Cttfp-J'SCiKtt*. 

^ifiEft36**s©Tiait^bfc-€-ti«:^t>-eTfT5. c© 

^ffiTtt. HSKS^r- 1 t'-7 F©SnT?7 ^ - FA 
■>2)l-7ZWltt2MZ£ttfiX-ZZ>. 
[0 06 4] 

[006 5 ] FDTS/DFSiCteC>t, FDTS^ItB 
30 ffiS) *ffi^^Ci{c<fc0, 5 
[0ffi©ffi^«cSiBJ] 

[0 1 ] *mw®&ft&<D±ti&lS.Zm-?-7a v 70 
[02] *#6Wtc*jWS. •Sr(c>Pt-r4-<>A-;U^ft.§ 
^■T0 

[03] $!6Bj tc* W S , (c^T ^«SI^0 
[04] *|6IIJC*$W 4. t = 3 (CSS-T SSOBV^bffi* 
^T0 

[05] BlCitf^gSSltk^-C, r=3£t/clS^© 

40 gibi^^-rs 

[06] 0 1 ©a\7,^ 'J 4fc<tO*-feb7^5'CfcU 
t . r=3i L//cii^©i¥iiffl^^*7S-r0 
[07] 06©A*7x>^:';4i5i<>'-feb7^5©ltl^© 

M*^-r0 

[08] 01©ACS|5I8S2{C*jt,>T. r = 3£L//cl* 

£©^< f »*it«a:*w-na 

[0 9 ] #!HB©ffc©flto&«::bW 5. t = 3 r©J:bf5S 
3©tM£^-3T0 
s. [010] ^6W©fft©«JSRtc*jW5. r = 3T©>t* 

50 JfJAttlsZZSOffif&Z^tm 



2000-268502 





49H 2000-268502 



[09] 



CHI 3] 



Lo-3 



903 



907i 




909 



» E|-, 

warn a-m*) 

r>s 0 _ 3 

(i - 1 




910 



[010] 



9073 




• D 



D ^ S 



3 

- D \ 



K7 9 I 5 



T. i 



904 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

Q BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



